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(57) [Abstract] t Ttere is an mrenchrent.) 

[Problem] Light wavelength divider/coupler where coirfolnatio 
n ant)unt wave of light signal to which theloss fluctuation for 
wavelength fluctuation of light source is snail, atthe same time 
stabilizes is possible is offered 

[Means of Solution] .Array waveguide diffraction grating 106, ch 
annel waveguide 102 for front "entry power and connects array 
waveguide diffraction grating 106 input side slab waveguide 104 
ofthe fan shape which, channel waveguide 108 for 
aforementioned output and output side slab waveguide 107 of 
fan shapewhich connects aforementioned array waveguide 
diffraction grating 106 to provide, It clianges gradually 
connector of aforementioned input side slab waveguide 104 
and tteaforementioned array wav eguide diffraction grating 106, 
in at least one among connector of oraforeirentioned output 
side slab waveguide 107 and aforementioned array waveguide 
di ffraction grating 1 06, spacing of thecenter axis of channel 
waveguide 105 which is adjacent with center axis of each 
channel waveguide 105 which forms array waveguide grating 
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106, respectively, over all channel waveguide 105. 




[Claur(s)] 

[Gaini I ] To on substrate, channel waveguide for input of one 
or more, cliannel waveguide and waveguide length for output 
of one or nure shortest fronthe thing longest each specified 
length being a light wavelength divider/coupler which has with 
thearray waveguide diffraction grating and channel waveguide 
for front entry power and input side slab waveguide of fan 
shapewhich connects array waveguide diffraction grating and 
channel waveguide for aforementioned outputand output side 
slab waveguide of fan shape which which connects 
aforementionedarray waveguide diffraction grating are formed 
with nultiple channel waveguide which sequential long is set to 
tlietliing, 

Qianging gradually connector of aforementioned input side slab 
waveguide and tlieaforcmentioned array waveguide diffraction 
grating, in at least one among connector of oraforementioned 
output side slab waveguide and aforementioned array waveguide 
diffraction grating, spacing of lliecentcr axis of channel 
waveguide which is adjacent with center axis of each channel 
waveguidewhich fonvb aforementioned array waveguide grating, 
respectively, over all cliannel wuvTeguide.thc ligfu wavelength 
divider/coiipler which designates tlial it becomes as feature. 

[Claim 2) In aforementioned connector of aforementioned in 
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[000 1] 



put side slab waveguide and aforenieiuioivdcoiiiicctor of 
aforciventioned output side slab waveguide putting. 
Aforementioned channel waveguide wliich torn* 
albreniemioned array waveguide diffraction grating.changing 
gradually angle for specified reference point with center axis of 
cliannel vvaveguidevvhich arranges respectively in radial 
alongside front entrypower slab waveguide , and aforementioned 
output side slab waveguide is adjacent with center a\isof 
aforementioned each channel waveguide, respectively, over all 
clunncl waveguide, thelight wavelength divider/coupler which it 
states in explanation/learning seeking Claim 1 vvfoichbecomes. 

[Oaim 3] Number of aforeirentioned channel waveguide uiiich 
. forms aforemettfioneclarray waveguide diffraction grating N, 
When nunt>er of aforementioned each channel waveguide i ? 
nuking thenumber j of cliannel waveguide of standard which is 
decided beforehand, as sliownthe angle i for 
aforementioned specified reference point with aforeirentioned 
cliannel waveguideof i'th th in aforencntioned input side slab 
waveguide or aforementioned connectorof aforementioned 
output side slab waveguide and aforementioned channel 
waveguide of i'th + first, in below-mentioned Formal a (1), 
changing gradually, li$it wavelength divider/coupler which 
itstatesinClaim2 which becoires. 

Ak*|i-j|k} ...(1) 

(Formula ( I) In, Ak is constant, k is integer of I to R ) 

[Claim4] hi aforementioned Formula ( I ), range of specified c 
onstant A - 0,00 1 Ak 0,00 1 (k is integer of I to N. ) 
with thelight wavelength divider/coupler which is stated in 
□aim 3 which is done. 

[Qaim 5] Light wavelength divider/coupler which is stated in 
Claim3 or 4 show aforementioned angle iin below- 
mentioned Formula (2) in aforeirentioned Forniila ( 1 ), 
bydesignating nunt>er (N) of channel waveguide which fonns 
aforementionedarray waveguide diflraction grating as 1 . 

i= J*{l+Al*|i-j|} ...(2) 
(Foniula (2) In, Aj is constant, is At 0. ) 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] Tliis invention regards light 



ISTA's Paicrra(tm), Version 1 .5 (TlKere miy be eirors in ihc above translation. ISTA cannot 

be lield liable for any detriment from its use. WW: hi ip://\vww iiulscicncc.com Tcl:S0fr430-5727) 



P.4 



or uiuujJOA wacmne 1 1 ans ia t ion 



[0 0 0 2] 

m^£tlXl*& (faBIHM - 1 1 6 6 O 7 #4>$B, Vfffi 
¥4-1634064, ftffl* 4-220624 ^*>« 
, «ffl¥4- 3 2 6 3 0 8 4^'x>fg, »BB^5- 1 5 7 
9 2 0^ffi) „ friz. W-tB it Lt Z 7 is 

*l=»r*WAffl*a>MM<'|**<, £SLfc*«^0> 

^ X<t LtJim*4lTl*<& (^i)$|^5 4 1 2 7 4 4 

>7 ) » 



[000 3] 0 7 14. tt*0)TU-r«aft»|5|»T4S^.S3t: 

<a 8 <a 9 ) *&»afcr*tto«)fta**»iftifs^ 

2 0.111:, A^jg;J63&2 O 2 t. AAffiX 5 ^S?X8S 

iU»»B2 0 5T»fitLfcTU-f ISift»a«tt^2 0 6 
ir. £b*§9X^^^i$S&2 O 7 9*<7>a};rj^;£S§2 
0 8 &Ai&JBJ£3tlTlt6. A^^;^SS2 0 2<l: 

XAfllX7:7S5»K2 0 4 0)«aMizlitB5feafi«tt(O 



wavelength divider/coupler , it retards light wavelength 
divider coupler wterc thrcoivbi nation anounl waive of light 
signal 10 which especially, lossfluctuation for wavelength* 
fluctuation of light source is smill, at thesajve time stabilizes is 
possible. 

[0002] 

[Prior Art] That array waveguide diffraction grating is prom sin 
g in light wavelength multiple comrunication, as light 
wavelength divider/coupler which does thecombination wave or 
amount wave (Conciliation anr>unt wave) of light signal of 
plural wterethe wavelength differs it is considered, various is 
proposed ( Japan Unexamined Patent Publication Hei 4 - 
1 16607 disclosure , Japan Unexamined Patent Publication Hei 
4 - 1634064, Japan Unexanined Patent Publication Hei 4 - 
220624 disclosure , Japan Unexamned Patent Publication Hei 
4 - 32630S4 disclosure and Japan Unexanined Patent 
Publication Hei 5 - 157920 disclosure ). Especially, because 
combination amount wave of light signal to wliichas for array 
waveguide diffraction grating type light wavelength 
di\ider/coupler which passing cbirnin cliaracteristic 
planarization is done,fluctuation of insertion loss for 
wavelength fluctuation etc of light source issmall, stabilizes is 
possible, it is expected to light wavelength irultiple 
corrmniication as tlieuseful device ( U. S. Patent No. 5412744 
number). 

[0003] Figure 7 is explanatory dagrani which shows conventio 
nal array waveguide diffraction grating type light wavelength 
divider/coupler in schematic. Here, 9 horn light signal I to 

9( 1< 2<.< 8< 9 ) light wavelength 
divider/coupler in order combination amountwave to do is 
shown as one example. As shown, in Figure 7, conventional 
light wavelength divider/coupler, on substrate 201, at a time 
inpuhvaveguide 202 and L which input side slab waveguide 
204 and length irention later isfonred from output waveguide 
208 of array waveguide diffraction grating 206 and output side 
slab waveguide 207 and 9book which were formed with channel 
waveguide 205 of plural which differs. In addition, mode 
converting part 203 in order planarization to do passing 
lim tsclwacteristic of loss wavelength characteristic to input 
waveguide 202 and connector of input side slab waveguide 204is 
forrred 
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[0004] As for Figure 8, it is a explanatory diagram which stows 
electric field distribution of light signal inllte specified site of 
conventional array waveguide diffraction grating type light 
wavelength di vider/couplcr in sclieivnlic, as for Figure 8 (a), 
theelecrric field distribution 209 of liglit signal in E - E' of 
mode converting part 203, as for Figure 8 (b), theelectric field 
distribution 21 1 and Figure 8 (c) in F - F of array waveguide 
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diflraction grating incident edge 210 show elcciric field 
distribution 2 13 waththcG-O of array waveguide diflraction 
grating eiritting end 2 1 2 respectively. 

[0005] As for Figure 9, it is a explanatory diagram which shows 
phase distribution of light signal inthe specified site of 
conventional array waveguide diflraction grating type ligjit 
wavelength divider/coupler in sclienutic, Figure 9 (a), Figure 9 
(e)and Figure 9 (f), light signaJ I with G - G of array 
waveguide diffraction grating eiritting end 212, sJiow 
tterespectis'epliasedistributioi^H^lS^^of Sand 9. 



[0006] As for Figure 10, it is a explanatory diagram which show 
s difference of thephase distribution of light signal in specified 
site of conventional array waveguide diffraction grating type 
light wavelength divider/coupler in schematic,the Figure 10(a) 
and Figure 1 0 (b), show difference 2 1 7,2 1 8 of respecti vephase 
distribution of phase surface 2 14,2 16 of light signal 1 and 
9 and thepliase surface 2 1 5 of 5 . 

[0007] As for Figure 1 1, it is a explanatory diagram which show 
s electric field distribution 220,22 1 ,222 of light signal I ,the 

5 and 9 inH-rf of light collection surface 2 19 of the 
conventional array waveguide diffraction grating type light 
wavelength divider/coupler in schematic. 

[0008] Below, making use of Figure 7, at sarre tint refening to 
asneeded other figure, you explain action of conventional 
optical divider/coupler. Furthermore . waveguide long 
di fference L between theadj acent of channel waveguide 205 
which forms array waveguide di ffraction grating 206 arc 
designed with thebelow-mentioned Fonruia (3). 

L=2*m* / ( 5) ... (3) 

(Forrnula (3) In, mshows diffraction degree (positive integer), 
( 5 ) shows transrrissiongeneral constant of channel 
waveguide for light signal 5. ) 

[0009] From input waveguide 202 light signal I to 9 whic 
h incidence is done, mode converting part 203 andthe input 
slab waveguide 204, array waveguide diffraction grating 205 and 
output slab waveguide 207, propagation does inorder of output 
waveguide 208. 

[0010] As shown in Figure 8 (a), electric field distribution 209 o 
f light signal in E - E of the mode converting part 203 is 
bimodal condition of left-right symvetry. 

[001 1 ] As shown in Figure 8 (b), electric field distribution 2 1 1 i 
n F - F of iiKident edge 2 10 of thearray waveguide di ffraction 
grating 206 of input slab waveguide 204 becoires distribut ion 
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which lias imxiivum value and cxircnuly srull value with 
clTect of diffract ioii In F - P of incident edge 210 of array 
waveguide difl'raciion eating, lig)u signal is divided, theincidem 
* propagation does each channel waveguide 206. 

[0012] As shown in Figure 8 (c), each both signal electric field d 
istribuiion 21 1 with F-F of thcincident edge 210 reproduction 
it does electric field distribution 213 inG-G of terminal 2 1 2 
of the array waveguide diffraction grating 205. 

[001 3] As shown in Figure 9 (a), (b) and (c), phase surface 214 
of light signal 1 to 9 in G - G of teminal 2 1 ? differs 
depending upon light signal. Here, from aforementioned 
Formula (3), phase surface 215 of the light signal 5 beconts 
as for phase aspect of other light signal, left-right syrnrretry,the 
slope which responds to propagation constant vis-a-vis H - FT 
of tlie array waveguide diffraction grating teminal 219, causes. 

[00 1 4] As shown in Figure 1 0, phase shi ft lias changed in conti 
nuous in channel waveguide 205of array waveguide diffraction 
grating 206. Eachlight signal, indirection which responds to 
this slope in theourput slab waveguide 207, propagation it does. 
Therefore, each light signal liglit collection nukes respectively 
point Y 1 to Y9 (not shown) where theligfit collection surface 
2 19 of output slab waveguide 207 differs. 

[00 1 5] As liere, sliown in Figure 1 1 , electric field distribution 2 
20,221,222 of each signal in H - H ofthe light collection 
surface 219 receives aberration or otter influence of outputslab 
waveguide 207. As for electric field distribution 22 1 of light 
signal 5 reproduction doing electric field distribution 209 of 
made converting part 203,bimodal condition of left-right 
svmnetry and, electric field distribution 220,22 1 of signal l 
and 9 becomes left and right asyrmtrry. asymmetry, 
because aberration of output slab waveguide 207 is cause mainly, 
about liglit signal which light collection is done becomes large in 
edge of theH - FT of liglit collection surface 219. Each signal, 
incidence and propagation does in each output waveguide 208 
in theH - H of liglit collection surface 2 19, it is possible to 
remove from the output teminal 223 separately. 



[0016]GDl2l£, tt*07U-f3B»»(5]tff 
3fejftfi£#»»0«5fciftfi»tt2 2 4, 2 2 5. 2 2 6 
. 2 2 7 £&j£ttolZ7f:-fmwmVfo&* 



[0017] 01 1 blU® 1 2iz^f J: oiz % 
ft»2 o 8o»Affl*i*. mftmz&ti £#<1^00^ 

»*2 2 0, 2 2 1. 2 2 2 t. & A 1£ & 8& 2 O 80 

2 20. 2 2 1, 2 2 2/><, ;£gl-JS C T J&#@ 2 1 9 
OH-H' ±g»»f4 B a*»«TJKttt. ftft^om 
Y 5 i£8/r*b Mil *l= L fcj&V-a T t ft £ 



[00 1 6] Figure 1 2 is explanatory diagram which shows loss vvavel 
ength cliaracteristic 22 4, 2 25,226,227 of conventional array 
waveguide diffraction grating typelight wavelength 
divider/coupler in schematic. 

[00 1 7] Way it shows in Figure 1 1 and Figure 12, as for insertion 
loss of each outpui waveguide 203, it is decided with electric 
field distribution 220,221.222 of liglit signal in liglit collection 
aspect and su|x;riiqx)sitionintegral calculus of peculiar mode of 
each output waveguide 20S. electric field distribution 220,22 1 . 
222 of light signal, moves on H - H' ofligjit collection surface 
2l9accordingto wavelength. Also electric field distribution 

P.7 
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gpouucry, light collection position of light signal leaves from 
V5 vicinityfbl lowing, becomes asymivny light collection 
position docs not cliai^c with Y5 vicinity, because also 
electric field distribution gcoiretry 22 1 is close to left-right 
symmetry, wavelength fluctuating barely, as for insertion 
lossarrow excessively. But, light collection position fluctuates 
\vithYl,Y9 vicinity, because electric field distribution 
geometry 220,222 istlie left ajid rigfu asvinretry, when 
wavelength fluciuatcs, as for insertion losslargely. Therefore, 
as for loss wavelength characteristic 224 of output waveguide 
20Sof wavelength 5 , vis-a-vis becoming planar 
cliaracteristic with passing donuin 227, if as for thepassing 
donuin characteristic of loss wavelength characteristic 225,226 
of output waveguide of wavelength l andthe 9 , 
characteristic vviiich tilts strainer was not obtained. 
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[0018] 

[Problems to be Solved by tlie Invention) This way, according t 
o conventional light wavelength divider/coupler, because 
passing donuin characteristic of theloss wavelength 
characteristic does not become flat depending upon aberration 
etc ofthe output side slab waveguide, when wavelength of light 
source fluctuated, there was a problemtliat, insertion loss 
changes largely, it was not soimliing vviiich always itcan be 
satisfied with fiily. 

[0019] Therefore, it is to offer light wavelength divider/coupler 
where combination anuunt waveof light signal to which as for 
objective of this invention, losstluctuation for wavelength 
fluctuation of light source is srmll, at thesarre tint stabilizes is 
possible. 

[0020] 

[Means to Solve the Problems] This invention, in order to achie 
ve above-mentioned objective, is sonetlimgwhich offers light 
wavelength divider/coupler below . 

[002 1 ] [ 1 ] To on substrate, chajinel waveguide for input of one 
or more, channel waveguide for output of one or more, 
waveguide length shortest from thing longest to thing at a 
timethe specified length sequential is formed with multiple 
channel waveguide vviiich is set long tliearray waveguide 
diffraction grating whiclt, channel waveguide for front enft-y 
power and connects array waveguide diffraction grating input 
side slab waveguide ofthe fan sliape vviiich, Being a light 
wavelength divider/coupler vviiich lias with cliannel waveguide 
for aforementioned outputand output side slab waveguide of fan 
sliape which connects aforementioned array waveguide 
diffraction graiingbeing. Gianging gradually connector of 
aforenrntioned input side slab waveguide and 
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[0022] [2] mzAfi®*3 7m&&o)mm& 



[0023] [3] ffiiar u-f s5jKKa«ift*$«fiitr 

^fitiiamso^m^jz^-r^^^Ae » tee* d 
) ic^r^oic, »^izjE<b*i*Ttt«fBiia [2] izie 



i = A6 j • { 1 + I A k • I i - j | k J 

• * C 1 ) 

(5t (1) A k l*Sat'feV. kl*1 -NCDg^TJ 

[0024] [4] BUiBit (D icfcut, mmofc® 

A<DSEH*-0. 001^A k ^0, 001 (kl*1~ 

n<j>s»-c^*) ^Ltmia [3] r=ie«fl>*«fid» 
[0025] [s] wia* ( 1 ) fcjsnr. fitiiar u-r 

SSaBElWIS^SIS/ilt-rS^^+iUSSttKtO** (N) 

s 1 tr&c^iz.ty , miaftSAe i *tibsc (2) 
(z^r ta>£ Lfcttia [3] xi* [4] izgasc^Tt;^ 



Ao i =A6 i • ( 1 + A, ' I i - j |) ( 



thcaTorcnvutioiYxl array wavegiudc diffraction grating, in at 
least one anv>ng connector of orafoi cmentioncd output side 
slab waveguide and aforementioned array waveguide diffraction 
grating, spacing of thecenter axis of channel waveguide which is 
adjacent with center avis of each channel waveguidewhich form* 
array waveguide grating, respect i vely, over aJ I channel 
waveguide, light wavelength divider/coupler whicltdesignates 
that it becomes as feature. 

[0022] [2] In aforementioned connector of aforementioned in 
put side slab waveguide and aforenrntionedcormector of 
aforementioned output side slab waveguide putting, 
Aforerrentioned channel waveguide which forms 
aforementioned array waveguide diffraction grating,changing 
gradually angle for specified reference point with center axis of 
channel wav eguidevvhich arranges respectively in radial 
alongside front enrrypower slab waveguide , and aforementioned 
output side slab waveguide is adjacent with center axisof 
aforementioned each channel waveguide, respectively, over all 
channel waveguide, thelight wavelength divider/coupler which it 
states in aforementioned [1] which becomes, 

[0023] [3] Number of aforementioned channel waveguide which 
forms aforementionedaiTay waveguide diffraction grating N, 
When nurrber of aforementioned each channel waveguide i, 
nuking tlienunter j of channel waveguide of standard which is 
decided beforehand, as shownthe angle i for 
aforementioned specified reference point with aforementioned 
channel waveguideof i'th th in aforementioned input side slab 
waveguide or aforementioned connectorof aforementioned 
output side slab waveguide and aforementioned channel 
waveguide of i'th + first,in below-mentioned Formula ( I ), 
clianging gradually, light wavelength divider/coupler which 
itstates in aforementioned [2] which becomes. 

i= j*n+ Ak*Hik} ...(i) 

(Formula ( I ) In, Ak is constant, k is integer of I to N. ) 

[0024] [4] In aforementioned Formula (I), range of specified c 
onstant A - 0,00 1 Ak 0,00 1 (k is integer of 1 to N. ) 
with thelight wavelength divider/coupler which is stated in 
aforementioned [3] which is done. 

[0025] [5] Light wavelength divider/coupler which is stated in a 
forementioned [3] or [4] show aforementioned angle i 
in below-mentioned Foniula (2) inthe aforementioned Forniila 
(I), by designing nunt>er (N) of cliarmc! waveguide 
whichfoms aforementioned array waveguide diffraction gratine 
asl. 

i= j*{l+Al*|i-j|} ...(2) 
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(2t (2) *. A, li^&T'&iK A, *QX-&b 9 ) 



{0026] 

O0Jfc<I^A 1 ~A 9 (A, < A 2 <■ "< A 8 < A fl ) £ 



[00 2 7]@1 (a) (ZTH-r^dl^. IffilOUC 
. At)m : && 102i, A^flX^ 104^ 
S)a^t<7)A>b®^^ t<7)^tJjIBit (3) U^TALCD 
I?roJM< f£SLfrN#<D^-\-*;Uig;&S§1 O 5 

7^'1S107^ 9*<Dfcii:foil&&& 1 0 8 



[0028] B1 (b) f=«f*3l=. 
@f/rte* i O 6 £«iSr$«-***Ji>i&*8& 1 0 5li. 

O40)«a»RTiliSft*5e»1 07 
(DttlSfflKfcHT , A^]X7 ^2g;^S§ 1 O 4&lfthJiX 
0 7<0^m^( 10 9. 1 1 OCSLTftM 

»BHffl««*<DT« (B. CfiO fr*±® (B . c 
ftS&IUI/rft^l 0 6 COM i W»fl> 

m i + i ^ W^uaftfct^fcTftgAfl i i i n*. 

1 1 ZlzttLT. TIB^ (4) tUZ>& 



A6 i =A0 j ■ [ 1 + A • I i - j I I - (4) 



(SC (4) i 1*7 U-fiSift SSte* ^WfiJcf 



(Fonuda(2) la Al is constant, is Ai 0. ) 
[0026] 

[Errbodiivcnt of Invention] While below, enixxiintsnt of this i 
mention, referring to drawing, youexplain concretely. Figure 
I is explanatory diagram which show array waveguide 
diffraction grating type light wavelength divider/coupler which 
is aone entxxiiirent oflight wavelength divider/coupler of this 
invention in schematic as for Figure I (a), withthe whole 
diagram, as for Figure I (b), is expanded view of array 
waveguide diffraction grating sectioa Here, 9 horn light signal 

l to 9( 1< 2<..< 8< 9) light wavelength 
divider/coupler in order coirbination amounrwave to do is 
shown as one example. 

[0027] As shown in Figure 1 (a), on substrate 101, input wavcg 
uide 102 and input side slab waveguide 104andthe shortest 
from thing longest to thing each length of the L which is 
shown in aforementioned Formula (3) it is forrred from 
theoutput waveguide 108 of array waveguide diffraction grating 
1 06 and output side slab waveguide 1 07 and 9 book wliich 
areforntd with channel waveguide 105 of N book which 
sequential long sets. In addition, mode converting part 103 in 
order planarization to do passing luritscharacteristic of loss 
wavelength characteristic, to input waveguide 102 and 
connector of input side slab waveguide I04is forrred 

[0028] As shown in Figure I (b), it arranges each channel waveg 
uide 105 which forms array waveguidecase diffraction grating 
106, in radial in connector of input slab waveguide 104 and 
connectorof output waveguide 107, vis-a-vis reference point 
109, 1 10 of input slab waveguide 104 and theoutput slab 
waveguide 107. channel waveguide where each channel 
waveguide 105 is adjacent each one angle witich 
isfonned has changed gradually from underside (B,C side) of 
array waveguide diffr action grating facingtoward topside ( B, C 
side). Here, i'th channel waveguide of array waveguide 
diffraction grating 106, in order to become thebelow- 
irentioned Fomula (4) vis-a-vis j cliannel waveguide and its 
angle spacing j 1 1 2 which becometlie standard, lias 
arranged angle i 1 1 1 which i'th + 1 cliannel waveguide 
which is adjacent forms. 

i= j*{l+A*|i-j|} ...(4) 

(Fomula (4) In, as for i nuirbcr of cliannel waveguide which lb 
mis array waveguide grating., asfor j as for reference waveguide 
number and A with constant, it is aA 0. ) 
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deg. ) tL, £&A£0. 0002tLf;. 
tygtf&TgZtzto* -0. 001^60. 0 0 1 0)Id 



[0 0 3 0] ID 214, *««BO)*5fifi^»a8a)-3gBE 

.02 (allt. *fi^--htft»10 3(DA-A 
' 13, B 2 (b) 14. 7U-f ig;£S§[e] 

wa^sihob-b' T?a)fBn»*i i 1 5 . m 

2 (c) 14, 7UyaRift»lgltrrMnFdSMai1 16tf>C- 



[00 3 1] (D3I4, **eHO)3t«fi^»*«<D-S6tt 
1 1 4 CD B — B * Kfcltaftlf^A , , Ag-flXifatt* 

1 is, @3 (b) 14, 7u-f*&»[giff«*a5*faai 

1 6(-^<t^>7t(t^ A i . A 9 <fl{i*§5r*n 1 1 95fH 



[0 0 3 2] H)4I4, #3S0J<D#»fi*#jRS<D-Slg 

T»**J. ®4 (a) 14. jfcS^A , t A 5 £<Dtt*§^1 
20, 14 (b) , ( c ) , ( d ) 14, A 3 , A 

7 . A fi i, A 5 £(7)&*8£ 1 2 1 , 1 2 2, 1 2 3 £ 



[0 0 3 3] 0 514, #ftWa>#»fi£#»»<D--3gJ6 

2 4Cfclt^^A, , A 3 , A 5 , A ? , 
A 9 (Oa»»«n 2 5. 126, 127. 128, 129 

itnmt. tm m : M&®m&* i oe 

<Z)KI}g^-V^;U3e;$S»<7)Sg[;SKfiSA LI4, mi£2C (3 
) SiSSrS* 5l=lftlTLTL*S. 



[0029] Willi tliis invention, muitcr ofclianncl waveguide 105 
wliich farms array waveguide diffraction grating 106 6 0 and 
specified waveguide number j 30, this 3rd 0 channel waveguide 
and angle interval 30 wliich 3rd I channel 
vvaveguidefonns were designated as 0.2(deg .), constant A was 
designated as theO.0002. Fimtenrorc , when as for this 
constant A as shown in theaforenrntioned Fomxtla (I), when 
absolute value of value is smill, effect of thecorrection is weak, 
is too large conversely because effect of correction istoo strong, 
it is desirable to nuke range of - 0,00 1 to 0 ,001. 

[0030] As for Figure 2, it is a explanatory diagram which shows 
electric field distribution in specified site ofthe array waveguide 
diffraction grating type light wavelength divider/coupler which' 
is a one embodiment of light wavelength divider/coupler of this 
invention in theschenntic, as for Figure 2(a), electric field 
dismburion 1 13 with A - A' of mode converting part 103 of 
the light signal, as for Figure 2(b), electric field distribution 1 1 5 
with B - B' of array waveguide diffraction grating incident edge 
114, as fortlie Figure 2 (c), electric field distribution 1 1 7 with C - 
C of ana> wav^guidediffi-actiongratingemittmgeixi 116 is 
slwvnrespectively. 

[003 1] As for Figure 3, it is a explanatory diagram which shows 
phase distribution of light signal inthe specified site of array 
waveguide diffraction grating type ligjit wavelength 
divider/coupler wliich is a one enixxiiment of light wavelength 
divider/coupler of the this invention in schematic, as for Figure 
3 (a), phase distribution 1 18 of light signal l and the 9 in 
B - B' of array wav eguide diffr action grating incident edge 1 14, 
as for Figure 3 (b), phase distribution 1 19 of thelight signal l and 

1 1 6 i s shown respecti vel y. 

[0032] As for Figure 4, it is a explanatory diagram which shows 
phase shift of light signal inthe specified site of array waveguide 
di ffraction grating type light wavelength divider/coupler which 
is a one eirbodinrnt of light wavelength divider/coupler of tlte 
tliis invention in sciiematic, as for Figure 4 (a), phase shift 1 20 
of light signal ! and the 5 , as for Figure 4 (b), (c) and (d), 
phase shift 121,122,123 of light signal 3, 7,the 9 and 
5 is shown respectively 

[0033] As for Figure 5, electric field distribution 125,126,127,1 
2S,129of lightsigna! 1, 3, 5,the7and 9 in 
light collection surface 124 of array waveguide diffraction 
grating tvpe light wav elength divider/couplerwfiich is a one 
embodiment of light wavelength divider/coupler of tltis 
inv ention is shown respectively. Here, in order to satisfy 
aforementioned Fomuia (3). you design thewaveguide long 
di (Terence L of ad j acent cl tuinel vva v egui de o f array 
waveguide diffraction grating 106. 
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[0035] ifctl^A, -A 9 I*. A*25fc8&1 02. 
*-K£&Sfl1 0 3. AJjX^SSftSSl 0 4. 7^ 
25&S&lE)i/T*fi* 10 6, a3*X7^5g;^SS 10 7. 

y*RRi o 8<ocax-ict»r*o A*>£i£s§io2 

/r^TU-f £&&&A*t*S 1 1 4^T^(cte^OLxr|ji0fl 

[0036] m^ (a) IC^-rcfco^. Attest 3 0/)^ 
bA«*nfc*tS9A, -A 9 I*. A*jig;£S§1 02^ 
bt-Ktft»1 0 3^^iEKSr^) B #<1^A, - A 9 
I**- K£&gff 1 0 3<7>A - A* T? . ZmttCDS^tfi 

1 i 3iz^^^n^> B 



[0034J Below, nuking use of Figure 1 , at sanv lime referring to 
asneeded other figure, you explain action of light wavelength 
divider/coupler of this invention 

[0035] Light signal I to 9, input waveguide 102, mode c 
diverting part 103 and input slab waveguide 104, array 
waveguide diffract ion grating I06and output slab waveguide 107, 
propagation docs in order of output waveguide I OS. First, you 
explain from input waveguide 102 concerning propagation to 
theanray waveguide incident edge 1 14. 

[0036] As shown in Figure I (a), from incident edge 130 light si 
griaJ I to 9 which incidence isdone from input waveguide 
102 propagation does to mode converting part 103. light 
signal l to 9 with A- A* of nxxk converting part 103, 
becones deformed in electric field distribution 1 1 3of bimodal 
condition 



[00 3 7] ®1 (b) (ZTft-r^ol-. 5t(l^ A , - A 
9 I* A fix 7 1 O 4lzfcl*T@tfi<D»Sl=J: y 

fcti^ti. mz (b) (z^-r^oiz, Tu-f5s«»stff 

tt*AM«l 1 4(0B-B' T'l*. &/Mt£t 
~D#*n1 1 5tft4. 

[0 0 3 8] S3 (a) \Zi*-f£olZ. fi*fl#*n 1 1 8 

[0 0 3 9] X.lz % 7U-f JgittKlaltfflS^- 1 o 6/n£ds 



[oo4oini (b) izTF-r <t 51::. jfc«-si a 5 14 r 
u-r »a»ia«r«-?-A»ai i 4a>B-B- icaur, 

asi 1 6^c-c T-uMtz-^^tom-r^o 



[004 1 ] (12 (c ) J: aii^* 1 1 7 

I*, AW*51 1 4<DB-B , T*0)^#^^rT1 1 5£lil£ 
HUJ&ttfcfc*. ®3 (b) U*rtttt»«i 1 1 
l*TU\ 5tfI^A 5 /><mJf23*: (3) £35J£r*f=^. T 

1 (b) iz^r* *fg*A 5 itai*x^^s*K 



[0037] As shown in Figure 1 (b), light signal I to 9 is ex 
panded by effect of thediflraction in input slab waveguide 104, 
as sliown in Figure 2(b), with B - B* of tlie anay waveguide 
diffraction grating incident edge 1 14, becomes distribution 1 15 
which has maxinum value arri the extremely small value. 

[003S] As sliown in Figure 3 (a), phase distribution 1 1 8 is in 
pan by designatingthe electric field distribution as bimoda] 
condition in mode converting part 103, and it becomes 
geometryvvhich lias distribution 129 vviiich can be sliaved. 

[0039] Next, you explain concerning circumstances of light sig 
nal to tlieoutput waveguide 108 from array waveguide 
diffraction grating 106. Furthermore , because with this 
portion circumstances of thepropagation differ depending upon 
wavelength o f I i gilt signal , you explauicoixreming 5 which 
first satisfies aforementioned Fomula (3),next you explain 
concerning other light signal. 

[0040] As shown in Figure I '(b), light signal 5 incident * is d 
ivided by eachchannel waveguide 106 in B - B' of array 
waveguide diffraction grating incident edge 1 14, propagation 
does uiside respect ivecliannel waveguide. With C - C of array 
waveguide diffraction grating terminal 1 16 it focuses again in 
one. 

[004 1 ] As shown in Figure 2 (c), electric field distribution 1 1 7 e 
lectric field distribution 1 15 with B- B' of incident edge 
1 14and almost becomes same sliape. Because light signal 5 
satisfies aforementioned Fomula (3) concerning tlvrphase 
distribution 1 19 which is shown in Figure 3 (b), conpletely in 
sanv way asbefore array waveguide di function grating 
propagation with left-right syiniietry in part just it becon vs 
thedistribution to vviiich pliase slips. Tlicrefore, as sliown in 
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.02(a) iZ tfT*- K£&gfl 1 0 3 T*(D'£3*#*T 1 
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Figure I (b), light signal 5 lies focus lo dereference point 
HO on output slab waveguide I07. 

[0042) As shown in Figure 5, electric field distribution 1 27 elect 
lie field distribution 1 1 3 with mode compiling part 103 which 
isshown in Figure 2(a) and almost becomes sane geometry'. 
Furttermore, as shown in Figure 1 (b), light signal 5 
propagation does thcoutput waveguide which is connected to 
reference point 1 10, radiation is done fromthe output terminal. 



[00 4 3] fciT. A 5 ^<n#fI^|f::oi*T!aBjJT5 
. ZZT'it. mt LX9tiE^X } , A 3 , A 7 . A 9 0) 

A 3 , A 7 , A 9 tfhfh7b<^?Sl£lM^ 1 O 
^ A 5 0)*!^ t IS I* (h) C f & & . 



[0044] fcfc'U 14 (a)., (b) , (c) , ( 
d) {ztfTJ: ?{z % ttffi#*n(::-Di*TI*, ttttttT?. ^ 

^ A 5 t (0;^SC0^/}<^ £ < & IS <t: * £ < o T I* 6 

(sH/ite^f 1 06 JL % ft K 1 0 

A<PIE* (4) IZ^Lfc^ ^K^ttWlIJEltLTl^fc 



[0045] Lfc^oT, &ft<f^li, tfcAX^SIS 
SS1 O 7<7)|£jfc® 1 2 4d)D-D , ±<D£X l ~X Q (H 

^trf) lc-t*i-pti*«L. *-0)«*#*ni 2 5. 12 
6. 1 2 8. 1 2 9 fcUXMJMlffcSft. S-fcfi-SJi: t£ 

1 o 8iiA^, <£»u as*«fii 3 1 ^f>»j^icftyas 



[00 4 6] E6li, **WO)*»fi*»««a>-55«6 
1 3 2 ttlZ^rMBfllglTfc*. 



[0047] msEnfmeizmtxoiz, &&t>m&ft 

1 0 80)t$Am*:\Z. Jk*® 1 2 4(DC-C fZfcltS 
%<S50>fi&ft*i-1 2 5. 1 2 6. 1 2 7, 1 2 8. 1 

2 9 t. *dS*iSS» 1 0 8(DSW^- KttfiSHttT- 



[0043] You explain concerning light signal below and other tha 

n 5. Here, as exanple mease of light signal 1 , 3, 7 

and the 9 being attached, you explain As shown in Figure 1, 

also light signal 1,3,7 and the 9 are divided 
respectively with array waveguide ajflraction grating 106, 
propagation do therespective channel waveguide 105. electric 
field distribution after array waveguide diffraction grating 1 06 
propagation is almost same as case of light signal 5 . 

[0044] However, as Figure 4 (a), (b) , (c), shown in (d), with cu 
rve shape, at thesarre time it is inclined to entire concerning 
pliase distribution, extent and slope of curve extent where 
di fference of wavelength ofthe lijdit signal 5 becomes large 
have become large. Fact that phase shi ft is inclined to entire, is, 
because the propagat ion constant has wavelength dispersion, 
light collection position differs depending upon tliis slope. Fact 
that phase slii ft becorres curve sliape as spaci ng of channel 
waveguide 1 OSwIiich forms array waveguide di fifraction grating 
106 shows in aforementioned Fonnila (4), is, becauseit has 
clianged in entire, has effect wluch offsets aberration inthe 
output slab waveguide etc. 

[0045] Therefore, each light signal light collection makes respe 
cti vely point X I to X9 (not shown) on theD - D of li^it 
collection surface 124 of output slab waveguide 107, aberration 
isoffset also electric field distributi on 125, 126, 128, 1 29, also 
each light signal becomes burodal condition of thel eft-right 
sym retry. Furthermore, each signal incidence and 
propagation does in each outpuftvaveguide 108, it is possible to 
remove from output teniinal 1 3 1 separately. 

[0046] Figure 6 is explanatory diagram which shows loss wavele 
ngth characteristic 1 32 of anay waveguide diffraction grating 
typelight wavelength divider/coupler which is a one embodiment 
of light wavelength divider/coupler of this invention in 
sclienntic. 

[0047] Way it shows in Figure 5 and Figure 6, as for insertion lo 
ss of each output waveguide 10S, itis decided with electric field 
distribution I25,I26,127,I2S,129 of light signal inC-C of 
light collectionsuiface 1 24 and &qxxin^x)sition integral calculus 
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[0 0 4 8] fcfe\ *«?B<0*«fi^#««fCfflL^*l. 



[0 0 4 9] 



[0 0 5 0] 



orixxuiliai iiixkrofcachontptnwavcguide 10S. electric field 
distribution 1 25, 1 26, 1 27, 1 28, 1 29 of light signal, on D- U of 
light collection surface 1 24, vvhitette geometry of bimxlal 
condition is maintained moves according to the wavelength. 
Because of that, wavelength of light signal fluctuating barely, 
insertion lossdoes not change excessively. In other words, as 
shown in Figure 6, as for loss wavelength characteristic 1 32, 
wavelengthfluctuation inside passing domiin 1 33 occurring in 
wavelength I to 9 of eachlight signal, because passing 
domiin 1 33 is flat and left-right symvetry, as forthe insertion 
loss it does not increase. 

[0048] Fintherrrore, it can form even in seniconductor substrat 
e etc not only a for example glass substrate as thesubstrate 
which is used for light wavelength divider/coupler of- this 
invention. In addition, concerning core , cladding and buffer 
layer which areformed on substrate I0l , not only a material of 
glass type forming making useof, optically transparent material 
such as seniconductor material it is possible. 

[0049] 

[Effects of the Invention] Above you explained sort, According 
to light wavelength divider/coupler of this invention, Input 
slab waveguide and positioning angle of each channel waveguide 
of array waveguide diffraction grating in outputslab waveguide 
optimization do with, To offset aberration etc in output slab 
waveguide, because planar passinglimits characteristic can be 
actualized in full power waveguide, light wavelength 
divider/couplerwhere combination amount wave of light signal 
to which lossfluctuation for wavelength fluctuation of lidit 
source is small, at thesame time stabilizes is possible can be 
offered 

[0050] 
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[Brief Explanation of the Dra\ving(s)] 

[Figure 1 ] It is a explanatory' diagram vvliich sliows array vvavegu 
ide diffraction grating type light wavelength divider/coiqjler 
which is a one ent>c)dirrent of thelight wavelength 
divider/coupler of this invention in schematic as for Figure 1 
(a), with whole diagram, asfor Figure 1 (b), is a expanded view 
of array waveguide dififraction grating sect ioa 

[Figure 2] It is a explanatory' diagram wiiichsiious electric field 
distribution in specified site of array waveguide diffraction 
grating npelight wavelength divider/coupler which is a one 
cnixxiiirent of liglit wavelength divider/coupler of this 
invention in schematic, as forthe Figure 2(a), electric field 
distribution 1 1 3 with A - A' of ntxie convening part 103 of 
liglit signal, as forthe Figure 2(b), electric field distribution 1 1 5 
with B - B* of array waveguide di (Traction grating incident edge 
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1 14, as for Figure 2 (c).tlte electric field distribution 1 1 7 with C 
C of array waveguide diffraction grating emitting end 1 16 is 
shown respectively. 

[Figure 3} It is a explanatory diagram which shows phase distribu 
lion of light signal in specified site ofthearray waveguide 
diffraction grating type light wavelength divider/coupler which 
is a one embodiment ofligJu wavelength divider/coupler of this 
invention in thesclteimtic, as for Figure 3 (a), phase 
distribution 1 IS of light signal I and 9 in theB - B' of 
array waveguide diffraction grating incident edge 1 14, as for 
Figure 3 (b), phase distribution 1 1 9 of light signal I and the 
9 in array waveguide diffraction grating emitting end 1 16 is 
shown respectively. 

[Figure 4] It is a explanatory diagram which shows phase shift o 
f light signal in specified site of thearray waveguide diffraction 
grating type light wavelength divider/coupler vvliich is a one 
cnlxxiiircnt of light wavelength divider/coupler of this 
invention in thescliermtic, as for Figure 4 (a), pliase shift 120 
of lighi signal I and 5 , as forthe Figure 4 (b), (c) and (d), 
phase shift 121,122,123 of light signal 3, 7, 9 andthe 
5 is shown respectively. 

[Figure 5] Electric field distribution 1 25, 1 26, 127, 1 28, 129 of lig 

ht signal I, 3, 5, 7 and 9 in light collection 

surface 1 24 of array waveguide diffraction grating type light 

wavelength divider/coupler which is a one embodiment oftlie 

light wavelength divider/coupler of this invention is stown 

respectively. 

[Figure 6] It is a explanatory diagram which slrovvs loss waveleng 
th characteristic 132 of array waveguide diffraction grating type 
light wavelength divider/coupler whichis a one enixxliinent of 
light wavelength divider/coupler of this invention in schematic. 

[Figure 7] It is a explanatory diagram which shows conventional 
array waveguide diffraction grating type light wavelength 
divider coupler in scheirotic. 

(Figure 8] It is a explanatory diagram vvhichsliovvs electric field 
distribution of light signal in specified site of theconventional 
array waveguide diffraction grating type light wavelength 
divider coupler in schematic, as for Figure 8 (a), electric field 
distribution 209 of theliglit signal in E - E' of irode converting 
part 203, as for Figure 8 (b), electric field distribution 21 1 and 
the Figure 8 (c) in F - F of array waveguide diffraction glaring 
incident edge 2 1 0 sliovv electric field distribution 2 1 3 with G - G 
of the array waveguide di ffraction grating emitting end 2 1 2 
respectively. 

[Figure 9] 1 1 is a explanatory diagram which shows pliase distribu 
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lion ofligfu signal in specified she of tteconvcmioml array 
waveguide diffraction gratingly ligjit wavelength 
divider/coupler in schematic, Figure 9 (a), Figure 9 (e) and 
Figure 9 (0, theligfrt signal i with G - G of array waveguide 
di (fraction grating emitting end 2 1 2, show respective phase 
distribution 214,215,216 of the 5 and 9. 

[Figure 10] It is a explanatory diagram which shows differenceo 
f phase distribution oFlielit signal inthe specified site of 
conventional array u-aveguide diffraction grating type light 
wavelength divider/coupler in scheimtic, Figure 10 (a) and 
theFigure 10 (b), sliow difference 2 1 7,2 1 8 of respective pliase 
distribution of phasesurface 2 14,2 16 of light signal I and 
9 and pliase surface 21 5of 5. 

[Figure 1 1] It is a cxplamoiydiagr^i which stows electric fiel 
d distribution 220,221,222 of light signal I, sandthe 

9 in H - F-F of ligfit collection surface 219 of conventional 
array waveguide diffraction grating type light wavelength 
dhider/couplerin schematic. 

[Figure 12] It is a explanatory diagram which shows loss wavele 
ngth characteristic 22 4, 2 25,226,227 of conventional array 
waveguide diffraction grating type light wavelength 
divider/coupler inthe schematic. 

[Explanation of Reference Signs in Drawings] 

101: Substrate 

1 02 : Waveguide for input 

103 : Mode converting pan 

104: Input slab waveguide 

105: Channel waveguide 

106: Array waveguide diffraction grating 

107: Output side slab wav eguide 

108: Waveguide for output 

109: Reference point 

1 10 : Reference point 

111: I'th channel waveguide fours i'th + 1 cliannel waveguide an 
gje 

112: Specificdj cliannel waveguide forms j + 1 cliannel waveguid 
e angle 
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1 13: I nirudc convening pari electric field distribution ofligjus 
ignal 

1 14: Array waveguide diffraction grating incident edge 

1 15: In array waveguide diffraction grating incident edge electric 
field distribution of light signal 

1 16: .Array waveguide diffraction grating emitting end 

1 17: In array waveguide diffract ion grating emitting end electric 
field distribution of light signal 

1 1 8: In array waveguide di (fraction grating incident edgp pliase 
distribution of light signal i to 9 

1 19: In array waveguide diffraction grating emitting end pliased 
isrributionof light signal 5 

1 20: Difference of phase distribution of light signal l in arra 
y waveguide diffraction grating emitting end and pliase 
distribution of thelight signal 5 

121: Difference ofphase distribution of light signal 3 inarra 
y waveguide diffraction grating emitting end and phase 
distribution of thelight signal 5 

122: Difference of phase distribution of liglit signal 7 inarra 
y waveguide diffraction grating emitting end and pliase 
distribution of thelight signal 5 

1 23: Difference of pliase distribution of light signal 9 inarra 
y waveguide diffraction grating emitting end and pliase 
distribution of thelight signal 5 
124: Light collection surface 

125: In light collection aspect electric field dishibittton of lights 
ignal l 

126: In light collection aspect electric field distribution of light s 
ignal 3 

127: In light collection aspect electric field distribution of lidit s 
ignal 5 

128: hi light collection aspect electric field distribution of light s 
ignal 7 

129: In light collection aspect electric field distribution of light s 
ignal 9 

1 30: Focal position of light signal 5 
131: Focal position 
132: Output terminal 
133: Passing limits 
201: Substrate 
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202: Waveguide for input 

203: Mode convening pan 

204: Input slab waveguide 

205: Channel waveguide 

206: Array wa^guide diffraction grating 

207: Output side slab wa\eguide 

20S: Waveguide for output 

209: m-K converting part electric field distribution of light s 
ignal 

2 10: Array waveguide diffraction grating incident edge 

2 11 : In array waveguide diffraction grating incident edge electric 
field distribution of 1 ight signal 

212: Array waveguide diffraction grating emitting end 

213: In ray wavegui dedi ffraction grating enitting end If %> elect 
ric field distribution oflight signal 

2 14: In array waveguide diffraction grating emitting end phase d 
istribution of light signal I 

2 15: In array waveguide diffract ion grating enitting end phase d 
istribution of light signal 5 

2 1 6: In array waveguide diffraction grating emitting end phase d 
istribution of light signal 9 

2 1 7: Di fference of phase distribution of light signal l in arra 
y waveguide diffraction grating emitting end and phase 
distribution of thel ight signal 5 

2 1 8: Difference of phase distribution of light signal 9 in arra 
y waveguide diffraction grating emitting end and phase 
disnibution of thelight signal 5 
2 19: Light collection surface 

220: In light collection aspect electric field distribution of light s 
ignal 1 

221: In lidit collection aspect dearie field distribution of I ight s 
ignal 5 

222: In light colleciionaspect electric field distribution of light s 
ignal 9 

223: Output terminal 

224: Loss wavelength cluuactertstic of 5th output waveguide 
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225: Loss wavelength characteristic of 1st output waveguide 
226: Loss wavelength characteristic of 9ih ourpui waveguide 
227: Passing domain 
228: 5th output waveguide 

[Figure 3] 



(b) 



119 



[El 5] 




[Figure 5] 
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Abstract (There is an amendment) 

Problem To provide an optical wavelength multiplexer/branching filter where there is link loss 
fluctuation for fluctuations in the wavelength of the light source and stable combination/dividing of 
optical signals is possible. 

Means of Solution It is provided with array waveguide diffraction grating 106 and fan-shaped input 
side slab waveguide 104, which comiects the said input chaiuiel waveguide 102 and array waveguide 
diffraction grating 106, and fan-shaped output side slab waveguide 107, which connects the said output 
channel waveguides . I OS and the said array waveguide diffraction grating 106; in at least 1 out of the 
connecting section for the said input side slab waveguide 104 and the said array waveguide diffraction 
grating 106 or the connecting section for the said output side slab waveguide 107 and the said array 
waveguide diffraction grating 106, the spacing between the central axis of each of the channel 
waveguides 105, which form array waveguide grating 106, and the central axes of the respective 
adjacent channel waveguides 105 gradually varies across all the channel waveguides 105. 

Scope of Patent Claims 

Claim 1 An optical wavelength multiplexer/branching filter characterised in that 

it is an optical wavelength multiplexer/branching filter which is provided, on a substrate, with 1 or more 
input channel waveguides and I or more output channel waveguides and an array waveguide diffraction 

i 

grating consisting of a plurality of channel waveguides, in which the waveguide length is sequentially 
made longer by the requisite length from the shortest to the longest, and a fan-shaped input side slab 
waveguide, which epimects the said input channel waveguide and the array waveguide diffraction 
grating, and a fan-shaped output side slab waveguide, which connects the said output channel waveguide 
and the said array waveguide diffraction grating; 

and in at least 1 out of the conecting section for the said input slab w aveguide and the said array 
waveguide diffraction grating or the connecting section for the said output side waveguide and the said 
array waveguide diffraction grating the space between the central axis of each of the channel 
waveguides, which form the said array waveguide grating, and the central axes of the respective adjacent 
channel waveguides gradually varies across all the channel waveguides. 

Claim 2 The optical wavelength multiplexer/branching filter disclosed in Claim I where, in the said 
connecting section for the said input side slab waveguide and the said connecting section for the said 
output side slab waveguide, the said channel waveguides that form the said array waveguide diffraction 
grating are respectively arranged in a radiating shape along the said input side slab waveguide and the 
said output side slab waveguide; and the angle with respect to the prescribed datum point between the 
central axis of each of the said channel waveguides and the central axes of the respective aJiacem 
channel waveguides gradually varies across all the channel waveguides. 
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Claim 3 The optical wavelength multiplexer/branching filter disclosed in Claim 2 where, if the number 
of the said channel waveguides forming the said array waveguide diffraction grating is made N, the 
waveguide number of each of the said channels is made i and the channel waveguide number of the 
datum established beforehand is made j, the angle A6i with respect to the said prescribed datum point 
between the channel waveguide that is number i and the one that is i + I in the said connecting section 
of the said input side slab waveguide or the said output side slab waveguide is gradually varied, as 
shown in equation ( 1 ) below. 

A0i=A9j.{l +SA k .|i'-j|k> (I) 

(In equation (1), A u is a constant and k is an integer from l-N.) 

Claim 4 The optical wavelength multiplexer/branching filter disclosed in Claim 3 where, in the said 
equation (I), the range of the pescribed constant A is made to be -0.001 < A L £ 0.001 (k is an integer 
from 1~N). 

Claim 5 The optical wavelength multiplexer/branching filter disclosed in Claims 3 or 4 where, in the 
said equation (1), by making the number (N) of channel waveguides forming the said array waveguide 
diffraction grating to be I, the said angle A0i is made to be the one shown in equation (2) below. 

A9i-Aej.{l+-A,.|i-j|} (2) 

(In equation (2), A| is a constant and A, does not equal 0.) 

Detailed Explanation of the Invention 
0001 

Technical Field to which the Invention Belongs 

The present invention relates to an optical wavelength multiplexer/branching filter. In particular, it 
relates to an optical wavelength multiplexer/branching filter where loss fluctuation for fluctuations in 
wavelength of the light source are small and stable combining/dividing of optical signals is possible. 

0002 

Prior Art 

The array waveguide diffraction grating is regarded as promising as an optical wavelength 
multiplexer/branching filter which combines or divides a plurality of optical signals with different 
wavelengths. Various ones have been proposed (Japanese Patent Publications Hei 4-1 16607, 4- 
1634064, 4-220624, 4-32630S. 5-157920). In particular, as there is little insertion loss fluctuation for 
fluctuations in the wavelength of the light source and stable multiplexing and branching of optical 
signals is possible with an array waveguide diffraction grating type of optical wavelength 
multiplexer/branching filter where the passing band characteristics have been flattened out, this is 
looked forward to as a useful device in optical wavelength multiple signals (US Patent 5412744). 
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0003 Fig.7 is an explanatory diagram showing typically a conventional array waveguide diffraction 
grating type of optical wavelength multiplexer/branching filler. Here, as an example, an optical 
wavelength multiplexer/branching filter is shown for multiplexing and separating the 9 optical signals X x 

- X 9 (A. i < A. 2 < < Xfi). As show in Fig.7, the conventional optical wavelength 

multiplexer/branching filter is made up, on a substrate, of input waveguide 202, input side slab 
waveguide 204, array waveguide diffraction grating 206, which consists of a plurality of channel 
waveguides 205 with the length of each differing by AL, explained later, output slab waveguide 207 and 
9 output waveguides 20S. Furthermore, mode conversion section 203 has been formed in the connecting 
section of input waveguide 202 with input slab waveguide 204 in order to level out the pass band 
characteristics of loss wavelength characteristics. 

0004 Fig.S is an explanatory diagram showing typically the electrical field distribution of the optical 
signals in a specific region of a conventional array waveguide diffraction grating type of optical 
wavelength multiplexer/branching filter. Fig.8(a) shows electrical field distiibution 209 of the optical 
signal at E-E* of mode conversion section 203. Fig.8(b) shows the electrical field distribution at F-F 1 of 
array waveguide diffraction grating input terminal 2 10. Fig.8(c) shows the electrical field distribution 
213 at G-G' of array waveguide diffraction grating emitting end 212. 

0005 Fig. 9 is an explanatory diagram showing typically the phase distribution of the optical signals in a 
specific region of a conventional array waveguide diffraction grating type of optical wavelength 
multiplexer/branching fitter. Fig.9(a), 9(e) [sic - translator] and 9(0 [sic - translator] show 
respectively phase distributions 2 14, 215 and 216 of optical signals X,, X } and X 9 at G-G' of array 
waveguide diffraction grating emitting end 212. 

0006 Fig. 10 is an explanatory diagram showing typically the difference in phase distribution of the 
optical signals in a specific region of a conventional array waveguide diffraction grating type of optical 
wavelength multiplexer/branching filter. Fig. 10(a) and 10(b) show the respective phase distribution 
differences 217 and 218 between phase planes 214 and 216 of optical signals X { and A^and phase plane 
215ofX 5 . 

0007 Fig. 1 1 is an explanatory diagram showing typically electrical field distributions 220, 221 and 222 
of optical signals X 5 and >..>ai H-FT of condensing surface 219 of a conventional array waveguide 
diffraction grating type of optical wavelength multiplexer/branching filler. 

OO0S An explanation will be given below of the action of a conventional optical wavelength 
multiplexer/branching filter using Fig.7 and making reference to other appropriate diagrams. The 
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waveguide length difference AL between adjacent channel waveguides 205 forming array waveguide 
diffraction grating 206 has been designed by equation 3 below. 

AL = 2.m.7t/p(X 5 ) (3) 

(In equation (3), in denotes diffraction degree (a positive integer). p(X 5 ) denotes the channel waveguide 
propagation constant for optical signal Xj.) 

0009 Optical signals X, -X 9 , which are incident from input waveguide 202, are propagated in the order 
mode conversion section 203, input slab waveguide 204, array waveguide diffraction grating 205, output 
slab waveguide 207 and output waveguide 208. 

0010 As shown in Fig.S(a), the electrical field distribution 209 of the optical signal at E-E* of mode 
conversion section 203 is a twin peaked shape, symmetrical to left and right. 

001 1 As shown in Fig.S(b), the electrical field distribution 2 1 I at F-F' at the array waveguide diffraction 
grating 206 incident end 210 of input slab waveguide 204 is a distribution that has maximum and 
minimum values as an effect of diffraction. At F-F' at the array waveguide diffraction grating incident 
end 210 the optical signal is divided and is incident and propagated along each channel waveguide 206. 

0012 As shown in Fig.8(c), electrical field distribution 213 at G-G 1 at end 212 of array waveguide 
diffraction grating 205 [sic - translator] reproduces the electrical field distribution at F-F* of incident 
end 210 for all the signals. 

0013 As shown in Fig.9(a), (b) and (c), phase plane 214 of optical signals \ x - >- 9 at G-G' of end 212 
differs according to the optical signal. Here, from equation (3) above, phase plane 215 of optical signal 
k 5 becomes symmetrical to right and left. The phase planes of the other optical signals produce a slope 
with respect to H-H* at array waveguide diffraction grating end 2 19 according to the propagation 
constant. 

0014 As shown in Fig. 10, the phase difference changes continuously in channel waveguides 205 of array 
waveguide diffraction grating 206. Each optical signal is propagated in a direction corresponding to the 
slope at output slab waveguide 207. Consequently, the various optical signals respectively condense at 
different points Y, - (not shown in the diagram) of condensing surface 2 19 of output stab waveguide 
207. 

0015 Here, as shown in Fig. 1 L the electrical field distributions 220, 221 and 222 of the respective 
signals at H-H' of condensing surface 2 19 are affected by aberrations and suchlike in output slab 
waveguide 207. Although electrical Held distribution 221 of optical signal /. 5 reproduces electrical field 
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distribution 209 of mode conversion section 203 and becomes a twin peak shape that is symmetrical to 
right and left, electrical field distributions 220 and 221 of signals A.|, and X 9 become asymmetrical to 
right and left. As the asymmetry is mainly caused by aberrations in output slab waveguide 207, the 
further the optical signal condenses towards the edge of H-H* of condensing surface 219 the bigger the 
asymmetry becomes. The various signals at H-bT of condensing surface 219 are incident upon the 
various output waveguides 20S, are propagated and can be extracted separately from output end 223. 

0016 Fig. 1 2 is an explanatory diagram showing typically the loss wavelength characteristics 224, 225, 
226 and 227 of a conventional array waveguide diffraction grating type of optical wavelength 
multiplexer/branching filter. 

0017 As shown in Fig. 1 1 and Fig. 1 2, the insertion losses for each ourput waveguide 20S are determined 
by the superimposed integrals of the particular modes of each output waveguide 20S and the electrical 
field distributions 220, 22 1 and 222 of the optical signals at the condensing surface. The electrical field 
distributions 220, 221 and 222 of the optical signals move on H-H' of condensing surface 2 19 according 
to the wavelength. The shape of the electrical distribution also becomes more asymmetric as the 
condensing position of the optical signal goes away from the vicinity of Y 5 . As electrical field 
disnibution shape 221 is close to being symmetrical to right and left with the condensing position in the 
vicinity of Y 5 , there is not much change in the insertion loss even if the wavelength flucmates a little. 
However, as the electrical field distribution shapes 220 and 222 are asymmetric to left and right with 
condensing positions in the vicinity of Y t and and Y 9 , the insertion loss fluctuates greatly if the 
wavelength fluctuates. Consequently, the loss wavelength characteristic 224 of the output waveguide 
208 of wavelength k$ becomes a flat characteristic in passing band 227. In contrast to this, the passing 
band characteristics of loss wavelength characteristics 225 and 226 of the output waveguides of 
wavelengths a., and X 9 cannot but be tilted characteristics. 

0018 

Problems to Be Overcome by the Invention 

Thus with a conventional optical wavelength multiplexer/branching filter the passing band 
characteristics of the loss wavelength characteristics do not become flat on account of aberrations and 
suchlike in the output side slab waveguide and therefore there was the problem that insertion loss 
changed greatly when the wavelength of the light source fluctuated and this was not always fully 
satisfactory. 

0019 Consequently, the purpose of this invention is to provide an optical wavelength 

multiplexci 'branching filter where loss fluctuation with wavelength fluctuation of the light source is 

small and stable combining and dividing of optical signals is possible. 



6 



0020 

Means of Overcoming the Problems 

In order lo achieve the above aim, this invention is one that provides the following optical wavelength 
multiplexer/branching filter. 

002 1 [ 1 ] An optical wavelength multiplexer/branching filter characterised in that it is an optical 
wavelength multiplexer/branching filter which is provided, on a substrate, with 1 or more input channel 
waveguides and I or more output channel waveguides and an array waveguide diffraction grating 
consisting of a plurality of channel waveguides, in which the waveguide length is sequentially made 
longer by the requisite length from the shortest to the longest, and a fan-shaped input side slab 
waveguide, which connects the said input channel waveguide and the array waveguide diffraction 
grating, and a fan-shaped output side waveguide, which connects the said output channel waveguide and 
the said array waveguide diffraction grating; and in at least 1 out of the conecting section for the said 
input slab waveguide and the said array waveguide diffraction grating or the connecting section for the 
said output side waveguide and the said array waveguide diffraction grating the spacing between the the 
central axis of each of the channel waveguides, which form the said array waveguide grating, and the 
central axes of the respective adjacent channel waveguides gradually varies across all the channel 
waveguides. 

0022 [2] The optical wavelength multiplexer/branching filter disclosed in the said [1] where, in the said 
connecting section for the said input side slab waveguide and the said connecting section for the said 
output side slab waveguide, the said channel waveguides that form the said array waveguide diffraction 
grating are respectively arranged in a radiating shape along the said input side slab waveguide and the 
said output side slab waveguide; and the angle with respect to the prescribed datum point between the 
central axis of each of the said channel waveguides and the central axes of the respective adjacent 
channel waveguides gradually varies across all the channel waveguides. 

0023 [3] The optical wavelength multiplexer branching filter disclosed in the said [2] where, if the 
number of the said channel waveguides forming the said array waveguide diffraction grating is made N, 
the waveguide number of each of the said channels is made i and the channel waveguide number of the 
datum established beforehand is made j, the angle A0i with respect to the said prescribed datum point 
between the channel waveguide thai is number i and the one that is i + I in the said connecting section 
of the said input side slab waveguide or the said output side slab waveguide is gradually varied, as 
shown in equation (1) below. 

40i=JxGj.{l -lA k . i-j|k> (1) 

(In equation ( 1), A k is a constant and k is an integer from l-N.) 
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0024 [4] The optical wavelength multiplexer/branching filter disclosed in the said [3) where, in the said 
equation (1), the range of the pescribed constant A is made to be -0.001 £ A k < 0.001 (k is an integer 
from l-N). 

0025 [5] The optical wavelength multiplexer/branching filter disclosed in the said [3] or [4] where, in 
the said equation (1), by making the number (N) of channel waveguides forming the said array 
waveguide diffraction grating to be 1, the said angle AGi is made to be the one shown in equation (2) 
below. 

A8i=AGj.{l +A,.|i-j|> (2) 

(In equation (2), Ai is a constant and A, does not equal 0.) 

0026 

Form of Embodiment of the Invention 

An explanation of a form of embodiment of this invention is given below in concrete terms, making 
reference to the diagrams. Fig. 1 is an explanatory diagram which shows typically an array waveguide 
diffraction grating type of optical wavelength multiplexer/branching filter which is a form of 1 practical 
embodiment of the optical wavelength multiplexer/branching filter of this invention. Fig. 1(a) is a 
diagram of the whole. Fig. 1(b) is an expanded diagram of the array waveguide diffraction grating pan. 
Here, as an example, an optical wavelength multiplexer/branching filter for combining and dividing 9 
optical signals X^X 9 (X, < X 2 < < \$ < X 9 ) is shown. 

0027 As shown in Fig. 1(a), it is composed, on substrate 101, of input waveguide 102 and input slab 
waveguide 104 and array waveguide diffraction grating 106, consisting of N channel waveguides 105 
made longer sequentially by length AL shown in the said equation (3) from the shortest one to the 
longest one, and 9 output waveguides 108. Furthermore, mode conversion section 103 is formed in the 
connecting section for input waveguide 102 with input slab waveguide 104 in order to flatten the pass 
band characteristics of the loss wavelength characteristics. 

0028 As shown in Fig. 1(b), the various channel waveguides 105 that form array waveguide diffraction 
grating 106 are arranged in a radiating shape in the connecting section of input slab waveguide 104 and 
the connecting section of output waveguide 107 with respect to datum points 109 and 1 10 of input slab 
waveguide 104 and output slab waveguide 107. The angle AG that each channel waveguide 105 forms " 
with its respective adjacent channel waveguides gradually changes from the bottom side (the 13, C side) 
of the array waveguide diffraction grating as one goes towards the lop side (the B\ C side). Here the 
angle AGil I 1, which number i channel waveguide of array waveguide diffraction grating 106 forms with 
the adjacent number i +■ I channel waveguide, is arranged so as to be as in equation (4) below with 
respect to the channel j waveguide, which is the datum, and its angular spacing A0j 1 12. 

A6i=AGj.{l +A. f i - j | > (4) 
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(In equation (4), i is the number in (he channel waveguides forming the array waveguide diffraction 
grating, j the datum waveguide number, A an integer and A is not equal to 0.) 

0029 In this invention, the number ofchannel waveguides 105 that form array waveguide diffraction 
grating 106 was made to be 60, the specified waveguide number j to be 30 and the angular spacing A6 3o . 
which this number 30 channel waveguide forms with the number 31 channel waveguide, to be 0.2 (deg.). 
Constant A was made to be 0.0002. Moreover, as constant A has a weak correcting effect if the absolute 
value of its value is weak and conversely has an over-strong correcting effect if it is too big, as shown in 
the said equation (I), it is desirable for it to be within a range from -0.001 to 0.001. 

0030 Fig.2 is an explanatory diagram showing typically the electrical field distribution in a specific 
region of an array waveguide diffraction grating type of optical wavelength multiplexer/branching filter, 
which is a form of 1 practical embodiment of the optical wavelength multiplexer/branching filter of this 
invention. Fig.2(a) shows electrical field distribution 1 13 of the optical signal at A-A* of mode 
conversion section 103. Fig.2(b) shows electrical field distribution 1 15 at B-B' of array waveguide 
diffraction grating incident end 1 14. Fig.2(c) shows electrical field disnibution field 1 17 at C-C of the 
array waveguide diffraction grating emitting end 1 16. 

0031 Fig.3 is an explanatory diagram that shows typically the phase distribution of the optical signal in a 
specified region of the array waveguide diffraction grating type of optical wavelength 
multiplexer/branching filter that is a form of 1 practical embodiment of the optical wavelength % 
multiplexer/branching filter of this invention. Fig.3(a) shows phase distribution 1 18 of optical signals a, 
and X 9 at B-B* of array waveguide diffraction grating incident end 1 14. Fig.3(b) shows phase 
distribution 1 19 of optical signals X, and X 9 at array waveguide diffraction grating emitting end 1 16. 

0032 Fig.4 is an explanatory diagram showing typically the phase difference of optical signals in a 
specific region of the array waveguide diffraction grating type of optical wavelength 
multiplexer/branching filter that is a form of 1 practical embodiment of the optical wavelength 
multiplexer/branching filter of this invention. Fig.4(a) shows phase difference 120 between optical 
signals >. 5 and fc,. Fig.4(b), (c) and (d) respectively show the phase differences 121, 122 and 123 with 
optical signals A. 3 and X 7 and k<>. 

0033 Fig.5 shows respectively the electrical field distributions 125, 126, 127. 12S and 129 of optical 
signals k l} X 3l \ 5 , k 7 and X,, at condensing surface 124 of the array waveguide diffraction grating type of 
optical wavelength multiplexer/branching filler that is a form of I practical embodiment of the optical 
wavelength multiplexer/branching filter of this invention. Merc, the waveguide length difference ALof 
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adjacent channel waveguides of array waveguide diffraction grating 106 is set up so as to satisfy the said 
equation (3). 

0034 An explanation is given below of the action of the optical wavelength multiplexer/branching filter 
of this invention, using Fig. I and also making reference to other appropriate diagrams. 

0035 Optical signals X| - k 9 are propagated in the sequence of input waveguide 102, mode conversion 
section 103, input slab waveguide 104, array waveguide diffraction grating 106, output slab waveguide 
107 and output waveguides 108. First of all, an explanation will be made about propagation from input 
waveguide 102 to array waveguide incident end 114. 

0036 As shown in Fig. 1(a), optical signals X, - X 9 , which are incident from incident end 130, are 
propagated from input waveguide 102 to mode conversion section 103. Optical signals X, - X 9 are 
formed into twin peaked electrical field distribution 1 13 at A- A' of mode conversion section 103. 

0037 As shown in Fig. 1(b), optical signals X, - X 9 are widely spread out by the effect of diffraction in 
input stab waveguide 104. As shown in Fig.2(b), at B-B* of array waveguide diffraction grating incident 
end 1 14 the distribution has become 1 15, which has maximum and minimum values. 

0038 As shown in Fig. 3(a), phase distribution 1 18 becomes a shape that has distribution 129, partially 
shifted by an amount n, on account of the electrical field distribution in mode conversion section 103 
being made a twin peaked shape. 

0039 Next, an explanation will be given about the state of the optical signal from array waveguide 
diffraction grating 106 to output waveguides 108. Moreover, as the state of propagation in this part 
differs depending on the wavelength of the optical signal, an explanation will be given first of all for X } , 
which satisfies the aforementioned equation (3) and then an explanation will be given about the other 
optical signals. 

0040 As shown in Fig. 1(b), optical signal X 5 at B-B* of array waveguide diffraction grating incident end 
1 14 is incident on each channel waveguide 106 [sic - translator], is divided and is propagated along the 
interior of the respective channel waveguides. It is again focussed into one at C-C* of arrav waveguide 
diffraction grating end 116. 

0041 As shown in Fig. 2(c), electrical field distribution I 1 7 becomes a shape almost the same as that of 
electrical field distribution 1 15 at B-B 1 of incident end 1 14. With regard to phase distribution 1 19 
shown in Fig.3(b), as optical signal ) m$ satisfies the aforementioned equation (3), it is symmetrical to left 
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and riglu exactly the same as before propagation in the array waveguide diffraction grating and it 
becomes a distribution where the phase is partially shifted by an amount n. Consequently, as shown in 
Fig. 1(b). optical signal a 5 comes to a focal point at datum point 1 10 on output slab waveguide 1 17. 

0042 As shown in Fig. 5, the electrical field distribution 127 becomes a shape that is virtually the same 
as the electrical field distribution 1 13 in mode conversion section 103 that is shown in Fig.2(a). In 
addition, as shown in Fig. 1(b), optical signal \ s is propagated along the output waveguide that is 
connected to datum point 1 10 and is emitted from the output terminal. 

0043 An explanation now follows about signals other than X 5 . Here, an explanation is given as an 
example for the cases of optical signals X h X 3 , X 7 and X 9 . As shown in Fig.l, optical signals X,, X 3> X 7 
and X 9 are also respectively divided by array waveguide diffraction grating 106 and propagated along 
respective channel waveguides 105. The electrical field distribution after propagation along array 
waveguide diffraction grating 106 is virtually the same as for the case for optical signal X 5 . 

0044 However, as shown in Fig.4(a), (b), (c) and (d), with regard to the phase distribution, this is a 
curved shape and it is also tilted overall. The degree of curvature and the tilt become bigger, the bigger 
the difference in wavelength from optical signal X 5 . The overall tilt of the phase difference is because 
propagation constant P has a wavelength dispersion and the condensing position differs depending on 
this tilt. The phase difference becomes a curved shape because the spacing of channel waveguides 105 
that form array waveguide diffraction grating 106 changes overall, as shown in the aforementioned 
equation (4) and it has an effect which offsets the aberrations in the output slab waveguide. 

0045 Consequently, the various optical signals respectively condense at points X| - X 9 (not shown in the 
diagram) on D-D' of condensing surface 124 of output slab waveguide 107. Aberrations in the electrical 
field distributions 125, 126, 12S and 129 are also offset and each of the signals becomers a twin peaked 
shape that is symmetrical to riglu and left. In addition, each signal is incident on the various output 
waveguides 10S, is propagated and can be extracted separately from output end 131 [sic - translator]. 

0046 Fig. 6 is an explanatory diagram which shows typically the loss wavelength characteristics 132 [sic 
- translator] of an array waveguide diffraction grating type of optical wavelength multiplexer/branching 
filler, which is a form of 1 practical embodiment of the optical wavelength multiplexer/branching filter 
of this invention. 

0047 As shown in Fig. 5 and Fig. 6. the insertion loss of each output waveguide I OS is determined by the 
superimposed integrals of the individual modes of each output waveguide I OS and electrical field 
distributions 125, 120. 127, 12$ and 129 of the optical signals at C-C* of condensing surface 124. 
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Electrical field distributions 125, 126, 127, 128 and 129 of the optical signals move on D-D 1 of 
condensing surface 124 according to the wavelength while maintaining their twin peaked shape. 
Because of this, even if the wavelength of the optical signal fluctuates slightly, the insertion loss does 
not change much. In other words, as shown in Fig.6, with regard to the loss wavelength characteristics 
132 [sic - translator], as passing band 133 is flat and symmetrical to right and left even if wavelength 
fluctuations occur within passing band 133 in wavelengths X, - of the various optical signals, the 
insertion loss does not increase. 

0048 Moreover, the substrate used in the optical wavelength multiplexer/branching filter of this 
invention can be formed not only with a glass substrate but also with a semiconductor and suchlike. 
Furthermore, the core, cladding and buffer layer formed on substrate 101 can be made not only with a 
glass material but also with semiconductor material, using optically transparent material. 

0049 

Effect of the Invention 

As has been explained above, with the optical wavelength multiplexer/branching filter of this invention 
aberrations in the slab waveguide are offset by optimising the layout angle of each channel waveguide of 
the array waveguide diffraction grating at the input slab waveguide and the output slab waveguide and 
flat passing band characteristics can be realised in all the output waveguides. Therefore it is possible to 
provide a optical wavelength multiplexer/branching filter where loss fluctuations for wavelength 
fluctuations in the light source are small and stable optical signal combining and dividing is possible. 

0050 

Brief Explanation of the Diagrams 

Fig. 1 is an explanatory diagram showing typically the array w aveguide diffraction grating type of optical 
wavelength multiplexer/branching filter which is a form of 1 practical embodiment of the optical 
wavelength multiplexer/branching filter of this invention. Fig. 1(a) is a diagram of the whole. Fig. 1(b) is 
an enlarged diagram of the array waveguide diffraction grating section. 

Fig. 2 is an explanatory diagram showing typically the electrical field distribution in a specific region of 
the array waveguide diffraction grating type of optical wavelength multiplexer/branching filter which is 
a form of I practical embodiment of the optical wavelength multiplexer/branching filter of this 
invention. Fig. 2(a) shows electrical field distribution 1 13 of the optical signal at A-A' of mode 
conversion section 103. Fig. 2(b) shows electrical field distribution 1 15 at B-B 1 of array waveguide 
diffraction grating incident end 1 14. Fig. 2(c) shows electrical field distribution I 1 7 at C-C" of array 
waveguide diffraction grating emitting end 1 16. 

Fig. 3 is an explanatory diagram showing the optical phase distribution in a specific region of the array 
waveguide diffraction grating type of optical wavelength multiplexer/branching filler which is a form of 
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1 practical embodiment of the optical wavelength multiplexer/branching filter of this invention. Fig.3(a) 
shows optical signal X, and X* phase distribution 1 18 at B-B* of array waveguide diffraction grating 
incident end 1 14. Fig.3(b) shows optical signal X, and X 9 phase distribution 1 19 at array waveguide 
diffraction grating emitting end 116. 

Fig. 4 is an explanatory diagram showing typically the optical phase difference in a specific region of the 
array waveguide diffraction grating type of optical wavelength multiplexer/branching filter which is a 
form of 1 practical embodiment of the optical wavelength multiplexer/branching filter of this invention. 
Fig.4(a) shows phase difference 120 between optical signals X, and X 5 . Ftg.4(b), (c) and (d) respectively 
show phase differences 121, 122 and 1 23 between optical signal X 5 and optical signals X;*, X 7 and X 9 . 

Fig.5 shows respectively the elecnical field distributions 125, 126, 127, 128 and 129 of optical signals 
X|, X 3 , Xs, X 7 and X 9 at condensing surface 124 of the array waveguide diffraction grating type of optical 
wavelength multiplexer/branching filter which is a form of I practical embodiment of the optical 
wavelength multiplexer/branching filter of this invention. 

Fig. 6 is an explanatory diagram showing typically loss wave characteristics 132 [sic - translator] of the 
array waveguide diffraction grating type of optical wavelength multiplexer/branching filter which is a 
form of 1 practical embodiment of the optical wavelength multiplexer/branching filter of this invention. 

Fig.7 is an explanatory diagram showing typically a conventional array waveguide diffraction grating 
type of optical wavelength multiplexer/branching filter. 

Fig.S is an explanatory diagram showing typically electrical field distribution of the optical signal in 
specific regions of a conventional array waveguide diffraction grating type of optical wavelength 
multiplexer/branching filter. Fig.S(a) shows electrical field distribution 209 of the optical signal at EE' 
of mode conversion section 203. Ftg.8(b) shows electrical field distribution 21 1 at F-F' of array 
waveguide diffraction grating incident end 210. Fig. 8(c) shows electrical field distribution 213 at G-G 
of array waveguide diffraction grating emitting end 212. 

Fig.9 is an explanatory diagram showing typically the phase distribution of the optical signal in specific 
regions of a conventional array waveguide diffraction grating type of optical wavelength 
multiplexer/branching filler. Fig. 9(a), 9(c) and 9(0 (sic) respectively show phase distribution 214, 215 
and 216 for optical signals X,. /. 5 and X 9 at G-G' of array waveguide diffraction grating emitting end 
212. 

Fig. 10 is an explanatory diagram show ing typically the difference in optical signal phase distribution in 
specific regions of a conventional array waveguide diffraction grating type of optical wavelength 
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multiplexer/branching filter. Fig 10(a) and 10(b) show difference of phase distributions 217 and 218 
which are respectively the difference between phase plane 215 of optical signal k 5 and phase planes 214 
and 2 16 of optical signals X ( and \ 9 . 

Fig. 1 1 is an explanatory diagram showing typically electrical field distributions 220, 22 1 and 222 of 
optical signals A.,, k 5 andX 9 at H-H' of condensing surface 2 19 of a conventional array waveguide 
diffraction grating type of optical wavelength multiplexer/branching filter. 

Fig. 12 is an explanatory diagram showing typically loss wavelength characteristics 224, 225, 226 and 
227 of a conventional array waveguide diffraction grating r\pe of optical wavelength 
multiplexer/branching filter. 

Explanation of the Symbols 

10 1 substrate 

102 input waveguide 

103 mode conversion section 

104 input slab waveguide 

105 channel waveguide 

106 array waveguide diffraction grating 

107 output side slab waveguide 
10S output waveguide 

109 datum point 

110 datum point 

1 1 1 angle made by number i channel waveguide with number i + 1 channel waveguide 

1 12 angle made by specified number j channel waveguide with number j + 1 channel 
waveguide 

1 13 electrical field distribution of the optical signal in the mode conversion section 

1 14 array waveguide diffraction grating incident end 

1 1 5 electrical field distribution of the optical signal at the. array waveguide diffraction 
grating incident end 

1 16 array waveguide diffraction grating emitting end 

1 17 electrical field distribution of the optical signal at the array waveguide diffraction 
grating emitting end 

1 IS phase distribution of optical signals k\ - >..) at the array waveguide diffraction 
grating incident end 

I 19 phase distribution of optical signal at the array waveguide diffraction grating 
emitting end 

120 difference in phase distribution of optical signal /. 5 and phase distribution of 
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optical signal A.| at the array waveguide diffraction grating emitting end 

1 2 1 difference in phase distribution of optical signal X 3 and phase distribution of 
optical signal X s at the array waveguide diffraction grating emitting end 

122 difference in phase distribution of optical signal A. 7 and phase distribution of 
optical signal X 5 at the array waveguide diffraction grating emitting end 

123 difference in phase distribution of optical signal X 0 and phase distribution of 
optical signal X 5 at the array waveguide diffraction grating emitting end 

124 condensing surface ; 

125 electrical field distribution of optical signal \, at the condensing surface 

126 electrical field distribution of optical signal X y at the condensing surface 

127 electrical field distribution of optical signal X 5 at the condensing surface 
12S electrical field distribution of optical signal X 7 at the condensing surface 

129 electrical field distribution of optical signal X 9 at the condensing surface 

130 focal position of optical signal X$ 

131 focal position 

132 output end 

133 pass band 

201 substrate 

202 input waveguide 

203 mode conversion section 

204 input slab waveguide 

205 channel waveguide 

206 array waveguide diffraction grating 

207 output side slab waveguide 
20S output waveguide 

209 electrical field distribution of the optical signal in the mode conversion section 

210 array waveguide diffraction grating incident end 

211 electrical field distribution of the optical signal at the array waveguide diffraction 
grating incident end 

2 1 2 array waveguide diffraction grating emitting end 

2 1 3 electrical field distribution of the opticalsignal at the array waveguide diffraction 
grating emitting end 

214 phase distribution of optical signal at the array waveguide diffraction grating 
emitting end 

215 phase distribution of optical signal ?. s at the array waveguide diffraction grating 
emitting end 

2 1 6 phase distribution of optical signal k 9 at the array waveguide diffraction grating 
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emitting end 

2 1 7 difference between the phase distribution of optical signal X 5 and the phase 
distribution of optical signal /t, at the array waveguide diffraction grating emitting end 

218 difference between the phase distribution of optical signal k s and the phase 
distribution of optical signal k 9 at the array waveguide diffraction grating emitting end 

219 condensing surface 

220 electrical field distribution of optical signal k x at the condensing surface 

22 1 electrical field distribution of optical signal k s at the condensing surface 

222 electrical field distribution of optical signal A. 9 at the condensing surface 

223 output end 

224 loss wavelength characteristics of number 5 output waveguide 

225 loss wavelength characteristics of number I output waveguide 

226 loss wavelength characteristics of number 9 output waveguide 

227 passing band 

22 S number 5 output waveguide 
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